Pre-treatment with dietary v3 polyunsaturated fatty acids (v3-PUFA) has been reported to reduce the incidence of new-onset atrial fibrillation (AF) following cardiac surgery. In a canine cardiac surgery model, we evaluated the impact of dietary v3-PUFA on atrial electrophysiological properties, inflammatory markers, the atrial endothelin-1 (ET-1) system, and the expression and distribution of connexin 43.
Introduction
Atrial fibrillation (AF) following cardiac surgery (post-operative atrial fibrillation, POAF) affects 20 -50% of patients, with an incidence that depends on age and type of surgery. POAF is associated with increased risk of morbidity and mortality. Efforts to prevent POAF have been largely unsuccessful, perhaps owing to the complex aetiology of the disorder and fragile state of the at-risk patients. Factors thought to contribute to POAF include: systemic inflammatory activation; 1 elevated leucocyte count, 2 atrial fibrosis; 3 inflammatory tachycardia and changes in atrial action potential morphology; 4 and oxidant stress resulting from increased NADPH oxidase activity. 5 Pre-clinical studies may help to elucidate the mechanisms underlying post-operative atrial arrhythmogenesis. Two models have been published: the canine sterile pericarditis model, in which talc and epicardial gauze are used as inflammatory stimuli, 6 and a right atrial incision model. 7 In both the models post-operative arrhythmogenesis was related to altered patterns of atrial conduction owing to changes in the expression and distribution of connexins resulting from inflammatory cell infiltration. 7, 8 Prednisone decreased neutrophil infiltration and reduced the duration of AF episodes induced with burst pacing. 7, 9 Concerns about the impact of steroids on wound healing and glucose homeostasis following surgery have limited enthusiasm for systemic steroid administration.
Omega-3 fatty acids for prevention of post-operative AF
The highly unsaturated fatty acid lipid pool (HUFA, composed of polyunsaturated fatty acids, PUFA, of 20-22 carbon length) includes both v6-PUFA (arachidonic acid, AA, etc.) and v3-PUFA (eicosapentaenoic acid, EPA; docosahexaenoic acid, DHA). As v3-and v6-PUFA are structurally similar, the enzymes that metabolize v6-PUFA also metabolize v3-PUFA. While v6 metabolites tend to promote inflammation and vasospasm, v3 metabolites typically have less inflammatory and vasoconstrictor activity. 10 The ratio of v6 to v3 PUFA in tissue HUFA varies as a function of diet. Diets containing abundant vegetable oils and chicken have higher v6/v3 ratios than diets with a greater abundance of fish. This ratio varies regionally. While the American diet maintains 15% of v3 in tissue HUFA, diets in Japan or Iceland maintain the v3 fraction above 50%. 11 Populations with the lowest percent v3 in the HUFA tend to have the highest cardiovascular mortality.
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In 2005, a clinical trial was reported in which cardiac surgery patients treated with a supplement containing v3-PUFA had less POAF (15.2%) than untreated patients (33%, P ¼ 0.013). 12 As side effects associated with dietary FO are minimal, this study generated significant clinical interest. Unfortunately, several recent efforts to replicate this study using a similar dose with oral delivery have been negative. 13, 14 Although baseline dietary differences may contribute, reasons for the lack of consistent results cannot be easily determined from clinical trials. As the impact of dietary v3-PUFA on atrial pathophysiology in the context of cardiac surgery is poorly understood, this pre-clinical study was designed to evaluate the impact of supplemental FO on the systemic and cellular inflammatory response, and on the atrial substrate for POAF. Leukotriene B4 (LTB 4 ) is an v6-PUFA metabolite that acts as a potent neutrophil chemokine, critical for the recruitment of neutrophils to injured tissues. 15 We hypothesized that by lowering v6-PUFA abundance, a FO diet might limit atrial inflammation following surgery. Blood samples and atrial tissue specimens were obtained at defined times prior to, during, and following cardiac surgery. We assessed the impact of a dietary FO supplement on white cell distribution, plasma and atrial lipid composition, inflammatory cells and mediators, heart rate and AF inducibility, connexin 43 (Cx43) abundance, distribution and phosphorylation, and the expression of endothelin-1 (ET-1) and relevant related proteins.
Methods

Canine cardiac surgery model
Adult mongrel dogs of either sex (15 -25 kg) were fed either a standard lab chow (normal chow, NC, Teklad no. 8653, containing 10% fat with negligible v3 content, n ¼ 11), or the same chow supplemented with fish oil (FO, containing 0.6 g/kg/day EPA/DHA, n ¼ 9) for 3 weeks prior to an initial cardiac surgery. A similar FO diet decreased infarct size and reduced ventricular arrhythmias in dogs with experimental myocardial infarction 16 (detailed methods are described in the Supplementary material online, Methods). A left thoracotomy was performed under surgical anaesthesia, the pericardium was opened, and the left atrial appendage (LAA) was excised using a surgical cutting stapler. The excised LAA was used as an internal control from the initial surgery (post-operative day 0, POD-0). Pacing and recording wires were placed in the left atrium (LA) to evaluate effective refractory period (ERP) and AF inducibility. Animals received antibiotics and were allowed to recover until terminal study at POD-2 (n ¼ 9) or POD-4 (n ¼ 11). Animals in the FO and NC groups received the same diet after surgery that they did prior to surgery.
Blood samples were collected for analysis of white cell count (Advia 120 analyzer), C-reactive protein (CRP), and ET-1 before dietary treatment (baseline), on the day of initial surgery (prior to anaesthesia, POD-0) and daily thereafter until the terminal study.
In 13 animals, Holter recordings were obtained from the day of the initial surgery until the terminal surgery. In these animals, AF inducibility (.30 s duration) and LA ERP were evaluated daily in the conscious state. After conscious testing on the day of the terminal surgery (POD-2 or POD-4), a midline thoracotomy was performed under surgical anaesthesia and the animal was euthanized by induction of ventricular fibrillation. The heart was removed and the LA and right atria (RA) were excised and rapidly frozen for lipid analysis, immunostaining, and biochemical studies. All study protocols were approved by the Cleveland Clinic Institutional Animal Care and Use Committee and were performed in accord with the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85 -23, revised 1996).
Biomarker assays
CRP was measured in plasma using the Kamiya KT-093 canine ELISA. Plasma and atrial ET-1 levels were assessed using the Biomedica BI-20052 ELISA.
Western blot, immunostaining, and histology
Western blot 17 was used to assess the expression of several proteins from LAA at the time of initial surgery and the LA and RA at terminal surgery. Antibodies for western blot were obtained from: inducible nitric oxide synthase (iNOS; Abcam); Cx43 (Sigma); non-phosphorylated Cx43 (Zymed); IP3R-I (Santa Cruz). Immunostaining was performed as described 17 using specific antibodies for: ET-1 (Abcam), endothelin receptors type A and B (ETAR and ETBR, Alomone Labs), inositol trisphosphate (IP3) receptors I and II (IP3R-I and IP3R-II, Santa Cruz), and Cx43 (Sigma). Confocal microscopy was used to image the distribution of these proteins. Myeloperoxidase (MPO) staining was performed on formalin-fixed tissue sections using an MPO-specific antibody (Dako) with a haematoxylin counterstain.
Lipid analysis
Plasma and atrial lipid fatty acid composition was assessed using capillary gas chromatography by Lipid Technologies (Austin, MN, USA).
Statistical analysis
Two-group analyses of normally distributed variables were assessed using t-tests. Paired t-tests were used to assess differences between matched cardiac chambers in the same animal, while unpaired t-tests were used to assess differences between two independent groups. ANOVA was used to assess differences across multiple groups followed by Bonferroni
Fish oil/post-operative atrial fibrillation post-test for individual pair comparisons. Values of P , 0.05 were considered statistically significant. All values are expressed as mean + SEM.
Results
FO/plasma/atrial lipid content
A diet highly enriched in v3-PUFA was used to increase atrial v3 content. Figure 1B shows that the FO diet increased atrial v3 in HUFA from 7.5 to 35%, and plasma v3 in HUFA increased from 9 to 55% ( Figure 1A ). As the v3-PUFA content increased, the AA% in HUFA decreased ( Figure 1C ). In the LAA on POD 0, the AA% was 78% in NC compared with 58% in the FO group ( Figure 1D ). The v6/v3 ratio dropped from 18 to 1.3 in plasma, and from 21 to 3 in LAA ( Figure 1E and F ). LTB 4 attracts neutrophils into injured tissues. LTB 5 , the homologous v3 metabolite, has 1/1000x the chemotactic activity of LTB 4 . LTB 4 
C-reactive protein/inflammatory cells
Plasma C-reactive protein is a commonly used marker of systemic inflammation. Figure 2A shows that plasma C-reactive protein levels were similar in both the NC-and FO-treated dogs. Surgery also evoked a profound cellular inflammatory response, dominated by an acute increase in neutrophil count. Figure 2B shows that although the neutrophil to lymphocyte ratio (NLR) peaked at the same time in NC-and FO-treated animals. Further, the peak NLR was lower and recovered more quickly in the FO-treated animals.
Heart rate/heart rate variability/ arrhythmia inducibility
Cardiac surgery is often accompanied by an inflammatory tachycardia. Holter and arrhythmia inducibility data were obtained from six NCand seven FO-treated animals following the initial surgery. Figure 2C shows that post-operative heart rate was more elevated in NC than in FO animals (P ¼ 0.0003). In addition to differences in mean heart rate, Figure 2D shows that the root mean square of the successive normal sinus RR interval differences (RMSSD) and the standard deviation of the averaged normal sinus (SDANN) RR intervals for all 5 -min segments, heart rate variability (HRV) parameters associated with vagal tone, 18 were enhanced by FO treatment. Left atrial ERP (LAERP) was shorter in NC-than in FO-treated animals; this difference was significant on POD-2 (cycle length 400 ms, NC:70 + 22.8 ms; FO: 122 + 34.5 ms, P ¼ 0.009).
In cardiac surgery patients, AF is most common on POD-2. AF inducibility was evaluated in six NC-and seven FO-treated dogs on POD-2. Atrial arrhythmias (.30 s duration) were induced by burst pacing in four of six control, but in none (0/7) of the FO-treated animals tested (P ¼ 0.02).
MPO staining
MPO is abundantly expressed in neutrophils and macrophages. Tissues from LAA (POD-0), LA, and RA (POD-2, -4) were evaluated for evidence of injury, and MPO staining (as a measure of macrophage/ neutrophil infiltration). Figure 3 shows tissue sections from representative NC-and FO-treated animals that had terminal surgery on POD-4. Extensive inflammatory cell infiltration (and MPO staining, brown/black) was evident in the LA near the wound of the NC animal, but staining was also apparent in the LA away from the wound and in the RA. In contrast, in FO animals, MPO staining was markedly lower, particularly in the LA remote from the wound and in the RA.
Cx43 distribution/phosphorylation
LAA Cx43 expression and phosphorylation were compared between groups (Supplementary material online, Figure S1 ). FO treatment did not affect either baseline LAA total Cx43 expression (Supplementary material online, Figure S1B ) or the ratio of non-phosphorylated Cx43 (at serine 368; S368) to total Cx43 (npCx43/t-Cx43; Supplementary material online, Figure S1C ).
In the canine sterile pericarditis model, epicardial but not endocardial Cx43 and Cx40 expression was downregulated. 8 Here, although epicardial inflammation was apparent, no transmural gradient of Cx43 expression was detected in the LA (Supplementary material online, Figure S2 ). Immunostaining revealed that the area around the surgical wound of NC atria had an increased abundance of lateralized Cx43, with a heterogeneous but higher expression of Cx43 (Supplementary material online, Figure S2A ) than was present in the FO-treated atria (Supplementary material online, Figure S2B ). Western blotting suggested a trend for lower Cx43 abundance in both groups following Fish oil/post-operative atrial fibrillation surgery ( Figure 4B and D) . On POD-2, expression of Cx43 was lower in the LA than in the POD-0 LAA; this difference was significant only in the FO animals ( Figure 4B ). FO treatment did not significantly affect the npCx43/t-Cx43 ratio on POD-2 ( Figure 4C ) or POD-4 ( Figure 4E ).
iNOS protein expression
Supplementary material online, Figure S3A shows a representative western blot of iNOS protein expression in atrial tissues. FO treatment decreased iNOS protein abundance in POD-0 LAA (P ¼ 0.046; Supplementary material online, Figure S3B ). Relative to baseline LAA, iNOS protein tended to be higher following cardiac surgery in the LA of NC animals at POD-2 (P ¼ 0.09; Supplementary material online, Figure S3C ). Compared with NC, FO treatment significantly decreased iNOS in terminal LA on POD-2 (Supplementary material online, Figures S3C and D) .
Plasma and atrial ET-1 measurements
Plasma ET-1 was evaluated at baseline, prior to surgery (POD-0), and daily thereafter ( Figure 5A ). The FO diet significantly lowered the plasma ET-1 levels at all times. Although plasma ET-1 tended to increase after cardiac surgery, the change was not significant in either group. ET-1 levels were also measured in LAA (POD-0), and from terminal LA and RA tissues (POD-2, -4; Figure 5B -D). Analogous to the plasma studies, the FO diet significantly lowered LAA ET-1 levels at the initial surgery (P ¼ 0.002; Figure 5B ). Relative to POD-0 LAA expression, ET-1 protein expression was higher in the LA in both study groups on POD-2 (P , 0.05, NC vs. FO groups, respectively; Figure 5C ). On POD-2, ET-1 content of terminal RA tissues was approximately twice that of the LA ( Figure 5C ). To determine whether the greater abundance of ET-1 in the RA was owing to cardiac surgery or to intrinsic regional variation, LA and RA specimens were evaluated from control chow non-surgical dogs (n ¼ 7). In all groups, RA ET-1 content was higher than in the LA, suggesting that there are baseline regional differences in ET-1 expression (data not shown). Although FO treatment tended to lower RA and LA ET-1 expression at POD-2, this difference was not statistically significant ( Figure 5C ).
Immunostaining confirmed that ET-1 (red) is more abundant in the LA than in the LAA (not shown) and is present in cardiac myocytes (phalloidin, purple, Figure 5E ). FO treatment lowered ET-1 protein expression in LA cardiac myocytes, but had less effect in the RA ( Figure 5F ).
Endothelin receptor intensity and distribution
ET-1 acts on two receptors, ETAR and ETBR. Immunostaining revealed that ETAR and ETBR expression was abundant in atrial myocytes (a-actinin, red). No marked differences in receptor localization were observed between study groups (Supplementary material online, Figures S4 and S5) .
Relative to POD-0 LAA, ETAR expression was lower in NC terminal LA at POD-2 (P , 0.05), but not at POD-4 (Supplementary material online, Figure S4C ). In the FO-treated group, LA ETAR expression was unchanged at POD-2 but higher at POD-4 (P , 0.05; Supplementary material online, Figure S4 ). FO treatment had no impact on ETAR expression at POD-2, but showed more abundant ETAR expression at POD-4 in terminal LA (P ¼ 0.018). These data suggest that ETAR expression is reduced after cardiac surgery, especially at POD-2, and that this effect was attenuated or reversed by FO treatment. ETAR expression in the RA tended to be similar to POD-0 LAA expression, suggesting that LA injury is associated with greater changes of ETAR expression in the LA than in the RA. Figure S5 ). Relative to POD-0 LAA, ETBR expression in terminal LA was lower at POD-2 and POD4 in NC animals; the trend was similar but not significant in the FO-treated group.
ETBR expression was similar between FO and NC groups at POD-2 and POD-4 (Supplementary material online,
IP3 receptor expression and distribution
ET-1 can modulate intracellular Ca 2+ via generation of IP3 that interacts with IP3R-I and IP3R-II. Like ET-1 receptors, IP3Rs were distributed in atrial myocytes ( Figure 6 and Supplementary material online, Figure S6 ). No changes in receptor localization were observed between study groups. Image analysis revealed no differences in IP3R-I expression between FO and NC dogs. Relative to POD-0 LAA, IP3R-I expression was higher in the LA (Supplementary material online, Figure S6A -D) at both POD-2 and POD-4. Western blot analysis confirmed the changes observed by immunostaining (Supplementary material online, Figure S6E ).
Relative to POD-0 LAA, IP3R-II expression was higher in terminal LA of NC but not FO-treated animals ( Figure 6A-D) . Unlike IP3R-I, FO treatment significantly reduced IP3R-II expression in terminal LA at both POD-2 and POD-4 ( Figure 6C and D) . In both study groups, RA IP3R expression was similar to that in the LAA.
Discussion
POAF increases the duration of hospital stay and hospital costs, and is associated with increased morbidity and mortality. Calo et al. 12 reported that a dietary FO supplement (2 g/day, beginning 5-7 days before surgery) was effective in decreasing the incidence of POAF. Changes in plasma and atrial lipid composition in response to dietary supplement are both time-and dose-dependent. Although Fish oil/post-operative atrial fibrillation plasma levels can change quickly, steady-state tissue changes require about 3 weeks. 19 Clinically, the impact of modifying atrial vs. plasma v3-content has not been carefully evaluated, with respect to determining the degree of change needed to impact arrhythmogenesis following cardiac surgery. Here, we sought to address this issue using a pre-clinical surgical model in which excision of the LAA during initial surgery served as the primary trauma, rather than the epicardial application of talc and gauze, 8 or creation of an RA incision. 7 With our approach, LAA tissue from the initial surgery provided a baseline specimen for within-animal paired analyses. The previously reported epicardial -endocardial gradient in connexins may be owing to epicardial injury caused by the talc and gauze. 8 Our model avoids this pro-arrhythmic but artefactual response. The impact of dietary v3-PUFA depends both on the level of competing v6-PUFA in the diet, and on the amount stored in tissue lipids. The composition of tissue lipids varies globally by region, reflecting variations in dietary preference and availability. Figure 1F shows that canine atrial tissues have a very low fraction of v3-PUFA, with an v6/v3 ratio of 21. The plasma and atrial v3 in the NC HUFA pool is 8%, similar to that of the American population. In contrast, individuals consuming a Mediterranean diet have 35% v3 in the HUFA, and those consuming a traditional Japanese diet have more than 50% v3 in HUFA. 11 Our experimental diet shifted the v3-HUFA content of the atria from a level similar to that of individuals regularly consuming an American diet to one closer to that of individuals consuming a Mediterranean diet. This change lowered post-operative heart rate, improved HRV, decreased inflammatory cell infiltration, modulated the expression and distribution of Cx43, and attenuated atrial ET-1 expression.
Impact of FO on post-operative tachycardia and HRV
FO treatment slowed heart rate and enhanced HRV after surgery. Tachycardia following cardiac surgery is common, and is associated with increased risk of POAF. 4 Tachycardia might result from enhanced sympathetic tone, loss of vagal tone, or modulation of pacemaker activity. HRV analysis suggests that vagal tone was preserved and/or enhanced by FO treatment. Vagal stimulation is associated with antiinflammatory activity. 20 As AA metabolites prostaglandin F 2a (PGF 2a ) and thromboxane A2 (TxA 2 ) are implicated in the genesis of inflammatory tachycardia, 21 decreased AA abundance in the FO-treated animals may contribute to heart rate slowing. Dietary v3-PUFA have also been shown to suppress pacemaker currents (I f ). 22 Each of these pathways may contribute to the v3-PUFA-mediated heart rate slowing following surgery.
Impact of FO on post-operative C-reactive protein and inflammatory cells
Previous studies in canine surgical models suggested a critical role for inflammatory cell infiltration as a mediator of POAF, 7,9 and showed that interventions that limit this infiltration can limit conduction heterogeneity, AF inducibility, and AF episode duration. Here, postsurgical plasma CRP levels were not affected by FO treatment (Figure 2A) , and were not different between animals in which AF was vs. was not inducible. That the CRP response did not vary by treatment group demonstrates that plasma CRP is not strongly modulated by dietary lipids, and may not be linked to the arrhythmogenic substrate for POAF. In contrast, atrial MPO staining was strongly modulated by FO treatment. Atrial MPO is implicated in atrial fibroblast proliferation, the development of interstitial fibrosis, and AF. 23 FO treatment attenuated atrial MPO staining, particularly in the areas remote from the surgical wound (Figure 3) , probably as a result of decreased LTB 4 production.
Impact of FO on atrial Cx43
Changes in the trafficking and degradation of Cx43 following surgery may contribute to conduction heterogeneity and AF. In both the sterile pericarditis 8 and atrial incision 7 models, MPO-positive cellular infiltration was associated with increased conduction heterogeneity. In this study, changes in Cx43 were more subtle than those observed in the sterile pericarditis model. 8 FO treatment did not affect basal LAA Cx43 expression. Cx43 in the LA and RA at terminal surgery was lower than the expression of LAA in all animals. There was a nonsignificant trend for FO treatment to increase the npCx43/t-Cx43 ratio on POD-2. As S368 is a protein kinase C (PKC) target site, lower phosphorylation may reflect less PKC activity. PKC isoforms are activated by Ca 2+ and by G q -coupled receptors (e.g.
angiotensin-II, ET-1); less PKC activity would be consistent with less receptor activation. In NC animals, the abundance of lateralized Cx43 was increased after surgery, with especially heterogeneous and elevated Cx43 expression near the wound. FO treatment attenuated Cx43 lateralization, resulting in a more normal distribution pattern following surgery (Supplementary material online, Figure S2 ).
Impact of FO on atrial ET-1 system
ET-1 binding to ETAR and ETBR receptors activates PKC/IP3/NADPH oxidase pathways. We recently reported that atrial ET-1 abundance was increased in AF patients, and that atrial ET-1 content was associated with atrial rhythm, size, and fibrosis. 17 Here, atrial but not plasma Fish oil/post-operative atrial fibrillation ET-1 levels were higher following surgery (in both study groups). FO reduced both plasma and atrial ET-1. Plasma ET-1 was reported to predict AF recurrence following pulmonary vein isolation; 24 this
suggests that ET-1 may also promote POAF. Here, FO reduced basal atrial ET-1 expression by 42%. Following surgery, the changes were less significant. Intriguingly, RA ET-1 levels were higher than in the LA, suggesting that there are regional differences in this system. In patients who experienced POAF, RA ETAR and ETBR mRNA expression was lower than in those who did not. 24 Here, ETAR and ETBR expression were lower in the LA following surgery in NC animals, while IP3R-I and IP3R-II were higher. After binding to its receptors, IP3 modulates calcium release from intracellular stores. By increasing IP3 production, elevated ET-1 can enhance atrial contractility, Ca 2+ transients, and perhaps arrhythmia inducibility. In cardiac diseases including AF and heart failure, expression of IP3Rs and membrane receptors that couple to phospholipase C signalling is increased, suggesting a role for IP3 signalling in the aetiology of these diseases. 25 In vitro studies have shown that treatment of cultured myocytes with EPA (v3-PUFA) prevents ET-1-mediated induction of iNOS expression and limits cardiac myocyte hypertrophy. 26 Increased iNOS expression may result in increased atrial oxidative stress. Here, we observed that FO attenuated both ET-1 production and iNOS expression. ET-1 receptor activation also stimulates NADPH oxidase activity. 27 As both iNOS and ET-1 levels were reduced by FO treatment, it is likely that FO treatment attenuates atrial and systemic oxidant stress.
Limitations
Owing to technical limitations, baseline heart rate/HRV data were not obtained prior to surgery. Electrophysiological testing was performed only in a subset of the animals, and AF was inducible only in four of six NC animals. The small sample size limited our ability to evaluate changes in atrial ERP beyond POD-2, and other factors associated with AF inducibility. To shift the atrial lipid content within 3 weeks required an FO dose larger than what has been used in any of the clinical trials using dietary PUFA (0.6 g/kg/day). In a canine ventricular tachypacing model, 2 weeks pre-treatment with 0.2 g/kg/day v3 PUFA effectively minimized haemodynamic changes, atrial fibrosis, and AF inducibility. Additional studies are needed to clarify the impact of dietary v3-PUFA on the substrate for AF in the absence of an initial surgery, as well as to determine the threshold v6/v3 ratio needed to impact post-surgical atrial arrhythmogenesis, and the duration of pre-treatment needed.
Conclusions
Cardiac surgery elicits profound changes in plasma and atrial inflammatory markers. Use of dietary FO at levels that shifted atrial v3-content to levels similar to those of individuals consuming a Mediterranean diet decreased the post-operative NLR and evidence of atrial neutrophil infiltration. FO slowed post-operative heart rate and enhanced HRV, in a manner consistent with improved vagal tone. FO also reduced plasma and atrial ET-1 levels, and the atrial expression of iNOS and IP3R-II. Following surgery, FO treatment was associated with less lateralization of atrial Cx43. Each of these elements has a critical role in atrial calcium cycling or conduction. Increasing atrial and plasma v3 levels has a favourable impact on the substrate for post-operative atrial arrhythmogenesis. Based on the negative results of recent clinical trials, it seems likely that longterm dietary changes, rather than short-term pharmacological interventions, may provide greater clinical benefit.
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